A number of the investigations concerned with autolytic and bacterial changes in haddock muscle have been conducted on tissue which was ground or macerated previous to incubation, after which bio-chemical determinations were made. The results obtained after storage of ground muscle suspensions may not be strictly representative of conditions which occur in normal muscle tissues not subjected to such treatment. Toluene has been used by some investigators for the purpose of inhibiting bacterial action and thereby eliminating biochemical changes due to bacteria, in order to study autolytic changes. The use of toluene for this purpose may offer certain disadvantages as indicated by the work of Wells and Corper (1912) and of Parker (1928) .
Xn the present investigation a procedure was used which avoided the use of toluene as a bacterial inhabitant and also eliminated the grinding or maceration of muscle samples previous to incubation or storage. This procedure was adopted with a view to clarifying certain features concerning the changes which occur in muscle tissues of haddock due to autolysis and those due to bacterial action.
Haddock were used in these experiments. When taken from the ocean the fish were placed in a cabinet refrigerated with solid carbon dioxide and were frozen within an hour. They were kept at -17.80C., or below, until examined.
One side of each fish was used as a source of sterile sub-surface muscle samples. The other side was later used as a source of "contaminated" muscle samples. The term "contaminated" is used to designate those samples which remained intact in the fish during a period of storage at various temperatures above freezing. Contaminated muscle therefore would be subject to chemical changes due to both autolytic and bacterial action although such samples were not artificially contaminated with bacteria. All of the sterile samples, excised while the fish was still frozen, were placed in sterile flasks plugged with cotton and capped with metal foil. These flasks were stored at constant refrigerator temperatures. Contaminated samples were taken from the other side of the fish after it had been stored for the same time and at the same temperature as the sterile samples removed previously. Thus it was possible to make chemical comparisons between these two types of samples, sterile and contaminated, obtained from identical fish and stored at the same temperatures.
Eight haddock were examined. Electrometric titrations, (Stansby and Lemon, 1933) , and pH determinations, using the quinhydrone method, were made on all of the muscle samples from these fish. Van Slyke amino-nitrogen determinations, (Van Slyke 1911 , 1912 , 1915 , were made on all muscle samples from four of the fish, each of which was stored at a definite temperature, namely 00, 50, 10°and 170C. The other four fish were stored at 00, 50, 100 and 150C. With these fish, Van Slyke-determinations were replaced by formol titrations (Harris modification, Harris, 1923-24) , and ammonium nitrogen determinations, (Allen and Davidson, 1919) . Bacteriological counts were made on the contaminated muscle samples of the latter fish.
The electrometric titration method of Stansby and Lemon (1933) , was advocated by its originators as a procedure for the detection of relative freshness in haddock. This method was intended to follow the disappearance of the protein molecule rather than the formation of definite end products. These investigators found that the buffer capacity of a haddock muscle solution decreased as "primary" or autolytic changes occurred in the tissues. An index of the "primary" change was obtained by titrating within a selected pH range in which the buffer capacity of the inorganic constituents of the muscle was at a minimum, namely pH 6.0 to pH 4.28.
As ammonia was assumed by Stansby and Lemon to be one of the principal products formed by bacterial action, an indication of the amount of ammonia formed and hence the amount of "secondary" decomposition was obtained by titrating the fish muscle suspension from its original pH to pH 6.0.
The test therefore consisted in titrating the fish muscle suspension with 0.0165 N H1 from its original pH to pH 6.0 and subsequently from pH 6.0 to pH 4.28. The amount of acid, in cubic centimeters, used in the first titration was believed to indicate bacterial decomposition or "secondary" change, and was called the B value. The amount of acid used in the titration from pH 6.0 to pH 4.28 was called the A value, and was said to be inversely proportional to the amount of "primary" change or protein hydrolysis which had taken place.
DISCUSSION OF RESULTS

Electrometric titrations
The electrometric titration values obtained are indicated in Contaminated samples from 3 haddock showed an increase in amino-nitrogen values followed by a slight drop and an ultimate increase so that the final values were above those initially ob-tained. Samples from 1 haddock, stored at 50C., showed an increase followed by a final decrease to values below those initially obtained. Sterile muscle samples showed a rise in amino acids followed by a decrease. In no case was there a final increase in amino acids.
With contaminated samples there was, in each case, an initial rise in value followed by a decrease and a subsequent increase.
It is interesting to note that at the higher temperatures of storage, 150 and 17'C., amino-acid values obtained in contami- Bacterial plate counts were conducted on contaminated muscle samples from four fish as shown in table 6. The amount of bacterial infection in each contaminated sample was subject to variation and doubtless differed considerably at the start of the experiment since the sources of such infection are those microorganisms present on the skin, gills and in the alimentary tract of the different fish when caught. No.8.15
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SUMMARY
The results obtained with the electrometric titrations were irregular and did not conform to the limits set by the originators of this method as applicable to unfrozen haddock under specific conditions. The fish used in our experiments had previously been frozen and this fact may account for the difficulties encountered in the interpretation of their standards.
The changes in pH were small in magnitude but there was observed a general tendency toward a higher pH on storage of the contaminated muscle samples, while sterile muscle samples tended to decrease slightly in pH.
Amino-acid values, as obtained by the Van Slyke method and the titration method of Harris, indicated an increase in amino acids in sterile samples followed by a rather definite decrease. Contaminated samples in general showed an increase in amino acids in the later part of the storage period. The increase indicated by contaminated samples in the later part of the incubation period is assumed to be the result of bacterial action. The reason for the final decrease in amino acids in sterile samples is not known. It is possible that some of the bio-chemical changes associated with rigor mortis may be concerned, as these fish were kept at sub-freezing temperatures from the time that they were caught until the storage experiment started.
Ammonium nitrogen values indicated that bacterial action in haddock muscle is not extensive during the first twenty-four hours when stored at temperatures as high as 17'C. Thereafter bacterial action becomes increasingly important. It is probable that at temperatures of 50C., and higher, bacterial action is the chief factor in the decomposition of haddock tissues.
CONCLUSIONS
Changes of a chemical nature took place in sterile haddock muscle at refrigerator temperatures ranging from O to 17'C. The extent of such changes differed from those occurring in muscle from the same fish which were subject to bacterial action also. More marked changes occurred in the latter, particularly at the higher temperatures.
Since in commercial haddock fisheries the presence of bacteria in the muscle is inevitable, due to practical operating conditions, the importance of low storage temperatures to limit those chemical changes, which eventually cause spoilage, is indicated.
